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ABSTRACT
Background:  Paracetamol,  a  widely  used  antipyretic  and  analgesic  drug  has  been  known  for  its  side  effect  
of  liver  toxicity  resulting  from  free  radical  formation  leading  to  necrotic  hepatocytes.  Oral  genistein  may  reduce  
lipid  peroxidation  and  increase  total  antioxidant  capacity  in  liver.  The  present  study  was  aimed  to  compare  the  
effects  of  administering  genistein,  silymarin  and  lecithin  on  improved  necrotic  hepatocytes  in  Wistar  rats  fed  
with  toxic  dose  of  paracetamol.  
Method:  An  experimental  study  was  conducted  at  the  Laboratory  of  Physiology  and  Anatomical  Pathology,  
University  of  Brawijaya  between  May  and  September  2011.  About  48  male  rats  were  categorized  into  4  groups.  
7KH¿UVWJURXSZDVWUHDWHGZLWKPJNJ%:RIRUDOSDUDFHWDPRO7KHRWKHUJURXSVZHUHWUHDWHGZLWKPJ
NJ%:SDUDFHWDPRODQGDGGLWLRQDOPJNJ%:JHQLVWHLQPJNJ%:VLO\PDULQRUPJNJ%:OHFLWKLQ$/7
AST,  bile  acid,  malondialdehyde  (MDA)  and  glutation  (GSH)  levels  were  measured  and  centrilobular  necrosis  
observed  by  histopathological  examination.  Data  were  analyzed  statistically  by  ANOVA.
Results:  $67DQG$/7OHYHOZHUHVLJQL¿FDQWO\ORZHULQJHQLVWHLQJURXSS DQGS 7KHORZHVWELOH
DFLGOHYHOZDVIRXQGLQWKHOHFLWKLQJURXSS ZKLOHORZHVW0'$OHYHOZDVIRXQGLQVLO\PDULQJURXSS   
7KHKLJKHVW*6+OHYHOZDVIRXQGLQOHFLWKLQJURXSS 7KHORZHVWSHUFHQWDJHRIFHQWULOREXODUQHFURVLV
ZDVIRXQGLQJHQLVWHLQJURXSS 
Conclusion:  Genistein,  silymarin  and  lecithin  supplementation  improve  liver  necrosis  induced  by  toxic  dose  
RISDUDFHWDPRO$PRQJWKHPJHQLVWHLQLVWKHPRVWVLJQL¿FDQWDJHQW
Keywords:  genistein,  silymarin,  lecithin,  paracetamol,  hepatotoxicity
ABSTRAK
Latar  belakang:  Parasetamol,  antipiretik  analgesik  yang  banyak  beredar  di  pasaran  memiliki  efek  samping  
toksisitas  hati  akibat  pembentukan  radikal  bebas  yang  menyebabkan  nekrosis  hepatosit.  Pemberian  genistein  
peroral  mampu  mengurangi  peroksidasi  lemak  di  hati  dan  meningkatkan  kapasitas  total  antioksidan.  Penelitian  
ini  bertujuan  untuk  membandingkan  efek  pemberian  genistein,  silimarin,  lesitin  dalam  memperbaiki  nekrosis  
sel  hati  tikus  Wistar  yang  diberi  parasetamol  dosis  toksik.
Metode:  Penelitian  eksperimental  dilakukan  pada  Laboratorium  Fisiologi  dan  Patologi  Anatomi,  Fakultas  
Kedokteran  Universitas  Brawijaya  sejak  Mei  hingga  September  2011.  Hewan  coba  sebanyak  48  tikus  wistar  
MDQWDQGLEDJLNHORPSRN.HORPSRN,GLEHULNDQSDUDVHWDPROGRVLVPJNJ%%SHURUDO.HORPSRN,,GLEHULNDQ
SDUDVHWDPROPJNJ%%JHQLVWHLQPJNJ%%.HORPSRN,,,GLEHULNDQSDUDVHWDPROPJNJ%%VLOLPDULQ
PJNJ%%.HORPSRN,9GLEHULNDQSDUDVHWDPROPJNJ%%OHVLWLQPJNJ%%3DUDPHWHU\DQJGLXNXU
adalah   kadar  ALT,  AST,   asam   empedu   serta  malondialdehida   (MDA)   dan  glutation   (GSH).  Histopatologi  
hepatosit  dilakukan  untuk  melihat  nekrosis  sentrilobuler.  Analisa  statistik  menggunakan  uji  ANOVA  dengan  
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WLQJNDWNHSHUFD\DDQDWDXĮ 
Hasil.DGDU$67$/7VHFDUDEHUPDNQDOHELKUHQGDKSDGDNHORPSRNJHQLVWHLQS GDQS 
.DGDUDVDPHPSHGXWHUHQGDKSDGDNHORPSRNOHVLWLQS .DGDU0'$WHUHQGDKSDGDNHORPSRNVLOLPDULQ
S .DGDU*6+WHUWLQJJLSDGDNHORPSRNOHVLWLQS 3HUVHQWDVHQHNURVLVVHQWULOREXOHUWHUHQGDK
SDGDNHORPSRNJHQLVWHLQS 
Simpulan:  Pemberian  genistein,  silimarin  dan  lesitin  memperbaiki  nekrosis  hati  akibat  parasetamol  dosis  
toksik.  Pemberian  genistein  paling  bermakna  dalam  memperbaiki  nekrosis  sel  hati.
Kata  kunci:  genistein,  silimarin,  lesitin,  parasetamol,  hepatotoksisitas  
INTRODUCTION  
Liver  injury  caused  by  drugs  or  chemical  substance  
is   an   increasing   health   problem.  Drug-­   or   toxin-­
LQGXFHGKHSDWRWR[LFLW\LVGH¿QHGDVDOLYHULQMXU\RI
any  stages  caused  by  toxic  substances  or  drugs.1  The  
PDQLIHVWDWLRQRIKHSDWRF\WHVLQMXU\LVYHU\H[WHQVLYH
VWDUWLQJIURPWKHDV\PSWRPDWLFLQFUHDVHGDFWLYLW\RI
WUDQVDPLQDVHHQ]\PHVUHYHUVLEOHFRQGLWLRQWRVHYHUH
OLYHU GLVHDVH VXFK DV WKH IDWDO IXOPLQDQW DFXWH OLYHU
IDLOXUH2  ,QGRQHVLDWKHUHLVQRSUHFLVHLQFLGHQFHDERXW
drug  or  chemical  substance  toxicity  in  liver.  Current  
HVWLPDWLRQVXJJHVWVDQLQFLGHQFHLQSDWLHQWV3
$FHWDPLQRSKHQRUSDUDFHWDPROLVRQHRIFRPPRQ
drugs   in   the   market   with   a   relatively   limited  
therapeutic  and  toxic  dose.  Overdose  may  cause  severe  
KHSDWRWR[LFLW\RUHYHQOLYHUIDLOXUHZKLFKPD\DSSHDU
DVFHQWULOREXODUQHFURVLVRIKHSDWRF\WHVLQH[SHULPHQWDO
animals  and  human.  N-­acetyl-­p-­benzoquinone-­imin  
1$34, LV D WR[LFPHWDEROLWH RI SDUDFHWDPRO WKDW
causes  hepatocyte  damage.6  Intracellular  steps  critical  
IRUOLYHUFHOOVGHDWKLQFOXGHPLWRFKRQGULDG\VIXQFWLRQ
IRUPDWLRQ RI UHDFWLYH R[\JHQ VSHFLHV 526 DQG
peroxynitrite.72XUSUHOLPLQDU\VWXG\IRXQG WKDW WKH
WR[LFGRVHRISDUDFHWDPROIRUWKHSUHVHQWVWXG\ZDV
PJNJ%:RQKRXUVIROORZLQJWKHDGPLQLVWUDWLRQ
RI SDUDFHWDPRO RQZKLFK FHQWULOREXODU QHFURVLV RI
hepatocytes  may  occur  up  to  100%.  
Hepatoprotective   properties   are   extremely  
QHFHVVDU\ VLQFH WKH OLYHU SHUIRUPV LQFOXGLQJ DV WKH
FRQWUROOHURIERG\PHWDEROLVPDQGSURYLGHSURWHFWLRQ
especially   against   drug   and   toxin.Lecithin   and  
silymarin   have   been   proven   in   some   studies   that  
they  may  protect   liver   cells   against   the   destructive  
HIIHFWVRIGUXJV9*HQLVWHLQRQHRIDFWLYHVXEVWDQFHV
DPRQJ LVRIODYRQHV KDV EHHQ FOLQLFDOO\ SURYHQ DV
SK\WRHVWURJHQZLWKDQWLR[LGDQWSURSHUWLHV,WVHIIHFWRQ
liver  has  been  studied  recently.6RPHVWXGLHVKDYH
GHPRQVWUDWHG WKHSURWHFWLYHHIIHFWRIRUDOJHQLVWHLQ
ZKLFKPD\UHGXFHSHUR[LGDWLRQRIOLSLGLQOLYHUDQG
increase  the  antioxidant  capacity.  The  present  study  
ZDV DLPHG WR FRPSDUH WKH HIIHFWV RI DGPLQLVWHULQJ
JHQLVWHLQVLO\PDULQDQGOHFLWKLQRQLPSURYHGQHFURWLF
KHSDWRF\WHV LQ:LVWDU UDWV IHGZLWK WR[LF GRVH RI
paracetamol.  
METHOD
An  experimental  study  with  post  test  control  group  
ZDVFRQGXFWHGXVLQJPDOHUDWVRattus  novergicus  
Wistar  strainDJHGPRQWKVZHLJKLQJEHWZHHQ
J,OOUDWVRUUDWVG\LQJGXULQJWKHVWXG\ZHUH
H[FOXGHGZLWKH[FHSWLRQRIUHVXOWLQJIURPWUHDWPHQW
7KH VWXG\ ZDV SHUIRUPHG DW WKH /DERUDWRU\ RI
3K\VLRORJ\ DQG$QDWRPLFDO 3DWKRORJ\ )DFXOW\ RI
0HGLFLQH8QLYHUVLW\RI%UDZLMD\DEHWZHHQ0D\DQG
6HSWHPEHUZKLFKKDGREWDLQHGDSSURYDOIURP
WKH(WKLFV&RPPLWWHHRI+HDOWK6WXG\DW)DFXOW\RI
0HGLFLQH8QLYHUVLW\RI%UDZLMD\D
7KHPDWHULDO XVHGZHUH PJ SDUDFHWDPRO
(acetaminophen)   tablets   dissolved   in   carboxy-­
PHWK\O FHOOXORVH VWDQGDUG H[SHULPHQWDO DQLPDO
IHG 3$56 VLO\PDULQ 6LJPD 86$ OHFLWKLQ
6 LJPD   86$   JHQ L V W H LQ  6 LJPD   86$   
7KH UHDJHQWV XVHG IRU HYDOXDWLQJ SDUDPHWHUV RI WKH
VWXG\ZHUHUDW*6+DVVD\NLW%LRJHQL[86$ELOH
DFLGDVVD\NLW0'%LR86$0'$DVVD\NLW0'
%LR86$
The  experimental  animals  were  randomly  selected  
DQGGLYLGHG LQWR IRXUPDMRUJURXSV7KH¿UVWJURXS
UHFHLYHGRUDOSDUDFHWDPRODWGRVHRIPJNJ%:
the  second  had  600  mg/kgBW  paracetamol  +  2  mg/
NJ%:JHQLVWHLQ WKH WKLUG UHFHLYHG PJNJ%:
SDUDFHWDPROPJNJ%:VLO\PDULQDQGWKHIRXUWK
had  600  mg/kgBW  +  100  mg/kgBW  lecithin.  The  rats  
ZHUH VXEVTXHQWO\ WHUPLQDWHG LQ KRXUV IROORZLQJ
the   treatment.  The  measured  parameter  were   levels  
RI$67$/7 ELOH DFLGPDORQGLDOGHK\GH 0'$
DQGJOXWDWKLRQH*6++LVWRSDWKRORJLFDOSUR¿OHVRI
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hepatocytes  were  evaluated  using  hematoxylin  eosin  
(HE)  staining  to  observe  centrilobular  necrosis.  The  
PHDVXUHPHQWRI$/7$67DQGELOHDFLGOHYHOVZHUH
SHUIRUPHGHQ]\PDWLFDOO\XVLQJVHUXPVRIZLVWDUUDWV
,QWHUSUHWDWLRQRIVHUXP$/7DQG$67UHVXOWVZHUH
SHUIRUPHG E\ XVLQJ VSHFWURSKRWRPHWULF GLDJQRVWLF
NLWV 6\VPH[®ZKLOH WKHPHDVXUHPHQWRIELOHDFLG
ZDVUHIHUUHGWRWKHUDWWRWDOELOHDFLGDVVD\NLW*6+
OHYHOZHUHPHDVXUHGXVLQJ*6+DVVD\NLWZLWKVDPSOH
VSHFLPHQVREWDLQHGIURPOLYHUWLVVXHV0HDVXUHPHQW
RI0'$OHYHOZDVSHUIRUPHGE\XVLQJWKH0'$DVVD\
NLWZLWKVDPSOHVSHFLPHQVZKLFKZHUHDOVRREWDLQHG
IURP OLYHU WLVVXH+LVWRSDWKRORJLFDO H[DPLQDWLRQ RI
the   hepatocytes  was   conducted   using  HE   staining.  
6SHFLPHQV ZHUH H[DPLQHG XQGHU PLFURVFRSH
equipped   by   digital   camera  with   40   x   and   100   x  
PDJQL¿FDWLRQV 3DUDFHWDPROLQGXFHG OLYHU GDPDJH
ZDVREVHUYHGE\LGHQWL¿FDWLRQRIQHFURWLF]RQHRQ
KHSDWRF\WHVK\GURSK\FDOWHUDWLRQDFFRPSDQLHGZLWK
DFFXPXODWLRQRI IDWDQG LQ¿OWUDWLRQRI LQÀDPPDWRU\
FHOOV7KH SHUFHQWDJH RI FHQWULOREXODU QHFURVLV RI
zone  3  hepatocytes  was  calculated  based  on  10  area  
RIUDQGRPO\REVHUYHGVOLGHVRQ[PDJQL¿FDWLRQ
Data  were  analyzed  by  one  way  ANOVA  test  analysis  
ZLWKWKHOHYHORIFRQ¿GHQFHLQWHUYDORUĮ 
DQGZKHQWKHUHZDVDQ\VLJQL¿FDQWGLIIHUHQFHSRVW
KRF DQDO\VLVZDV SHUIRUPHG XVLQJ OHDVW VLJQL¿FDQW
GLIIHUHQFH/6'WHVW
RESULTS
2IZLVWDUUDWVLQWKHVWXG\QRQHZDVH[FOXGHG
2QWKHPHDVXUHPHQWRIELOHDFLGOHYHOZHIRXQGVRPH
H[WUHPHGDWDZKLFKZDVH[FOXGHGGXULQJVWDWLVWLFDO
DQDO\VLV *HQHUDO FKDUDFWHULVWLFV RI HDFK VWXG\
SDUDPHWHUDUHSUHVHQWHGLQ7DEOHZLWKSZDV
FRQVLGHUHGDVVLJQL¿FDQW
0HDVXUHPHQW RI$67 OHYHO DW th KRXUV DIWHU
WUHDWPHQWGHPRQVWUDWHGWKDWWKHKLJKHVWOHYHOZDVIRXQG
LQJURXS, UHFHLYLQJRQO\ WR[LFGRVHRISDUDFHWDPRO
)LJXUH7KHUHZDVORZHU$67OHYHOLQWKHJURXS
UHFHLYLQJOHFLWKLQVLO\PDULQDQGJHQLVWHLQFRPSDUHG
WR WKH JURXS ,7KXVZKHQZH FRPSDUHG WR RWKHU
JURXSVWKHORZHVW$67OHYHOZDVIRXQGLQJURXS,,S 
%\XVLQJSRVWKRFDQDO\VLVZLWK/6'WKHUHZDV
evidence  that  genistein  and  silymarin  supplementation  
EURXJKWVLJQL¿FDQWGLIIHUHQFHRQ$67OHYHOFRPSDUHG
WRWKHJURXSUHFHLYLQJRQO\WR[LFGRVHRISDUDFHWDPRO
S DQGS +RZHYHUQRVLJQL¿FDQW
GLIIHUHQFHZDVIRXQGEHWZHHQJHQLVWHLQDQGVLO\PDULQ
JURXSS 
Table  1.  Results  of  various  study  parameter  measurement  in  each  treatment  group  
Parameter Group  In  =  12
Group  II
n  =  12
Group  III
n  =  12
Group  IV
n  =12 p*
AST  level  (U/L) 604.5  ±  48.7 472.1  ±  78.6 520.2  ±  33.  9 587.8  ±  44.2
0.004(543.9–665.1) (376.9–567.2) (478.1–562.3) (532.9–642.7)
ALT  level  (U/L) 623.3  ±  43.8 455.2  ±  46.6 577.5  ±  42.6 558.3  ±  39.7
0.001(568.8–677.7) (397.4–513.1) (524.5–630.4) (508.9–607.6)
Bile  acid  level  (mmol/L) 36.5  ±  15.6 19.5  ±  4.5 9.13  ±  5.7 11.2  ±  8.9
0.025
(11.5–61.4) (13.86–25.03) (2.09–16.17) (-­2.9–25.4)
MDA  level  (nmol/mg) 113.5  +  0.9 111.9  ±  2.0 30.4  ±  2.5 104.8  ±  19.4
0.009(112.3-­114.6) (109.4-­114.5) 27.3-­33.6 (80.8-­128.9)
GSH  level  (µmol/mg  tissue) 652.3  ±  231.9 2519.2  ±  314.9 2654.2  ±  306.1 2672.5  ±  275.3
0.001(364.2–940.1) (2128.1–2910.3) (2274.1-­3034.3) (2330.6–3014.4)
Necrotic  hepatocyte  (%) 92.4  ±  2.3 45.8  ±  6.1 58.0  ±  15.7 49.8  ±  7.98
0.001(89.5–95.2) (38.2–53.4) (38.5–77.5) (39.9–59.71)
*ANOVA  test;;  statistical  analysis  was  showed  in  mean  ±  SD  (95%  CI);;  ALT:  alanine  transferase;;  AST:  aspartate  aminotransferase;;  GSH:  
glutation;;  MDA:  malondialdehyde
Figure  1.  Comparison  of  AST  level  among  various  treatment  
groups
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0HDVXUHPHQWRI$/7OHYHODWthKRXUVDIWHUWUHDWPHQW
VKRZHG WKDW WKHKLJKHVW OHYHOZDV IRXQG LQJURXS ,
UHFHLYLQJRQO\WR[LFGRVHRISDUDFHWDPRO)LJXUH  
$/7OHYHOZDVORZHULQWKHJURXSVUHFHLYLQJVLO\PDULQ
IROORZHGE\ OHFLWKLQJURXSDQG¿QDOO\ WKHJHQLVWHLQ
JURXS+HQFHJURXS,,GHPRQVWUDWHGWKHORZHVW$/7
OHYHOFRPSDUHGWRRWKHUJURXSVS %DVHGRQ
SRVWKRFDQDO\VLV WKHUHZDVHYLGHQFH WKDWJHQLVWHLQ
DQGOHFLWKLQVXSSOHPHQWDWLRQKDGVLJQL¿FDQWGLIIHUHQFH
on  ALT  level  compared  to   the  group  receiving  only  
WR[LFGRVHRISDUDFHWDPROS GDQS 
0RUHRYHU WKHUHZDV VLJQL¿FDQW GLIIHUHQFH EHWZHHQ
JHQLVWHLQDQGOHFLWKLQJURXSS 
VXSSOHPHQWDWLRQKDGSURYLGHGHYLGHQFHRI WKHPRVW
VLJQL¿FDQWGLIIHUHQFHRQ0'$OHYHODPRQJDOOJURXSV
S 
0HDVXUHPHQW RI ELOH DFLG OHYHO DW WKH th   hour  
LQGLFDWHGWKHKLJKHVWOHYHOLQJURXS,LHWKHJURXSWKDW
UHFHLYHGWR[LFGRVHRISDUDFHWDPRO)LJXUH/RZHU
OHYHOVZHUHIRXQGUHVSHFWLYHO\LQWKHJURXSUHFHLYLQJ
JHQLVWHLQ IROORZHG E\ VLO\PDULQ DQG WKH ODVWZDV
OHFLWKLQJURXS&RQVHTXHQWO\JURXS,9KDGWKHORZHVW
ELOHDFLGOHYHODPRQJRWKHUJURXSVS 7KH
post  hoc  analysis  indicated  that  silymarin  and  lecithin  
VXSSOHPHQWDWLRQKDGVLJQL¿FDQWGLIIHUHQFHVUHJDUGLQJ
bile  acid  level  compared  to  the  group  receiving  only  
WR[LFGRVHRISDUDFHWDPRO S  DQGS 
+RZHYHUWKHUHZDVQRVLJQL¿FDQWGLIIHUHQFHEHWZHHQ
VLO\PDULQDQGOHFLWKLQJURXSVS 
0HDVXUHPHQWRIWLVVXH0'$OHYHODWWKHth  hour  
GHPRQVWUDWHGWKHKLJKHVWYDOXHLQJURXS,WKHJURXS
ZKLFKUHFHLYHGWR[LFGRVHRISDUDFHWDPRO)LJXUH
/RZHU OHYHOV RI0'$ZHUHPHDVXUHG LQ WKH JURXS
UHFHLYLQJJHQLVWHLQ IROORZHGE\ OHFLWKLQDQG¿QDOO\
VLO\PDULQ%DVHGRQWKHSRVWKRFDQDO\VLVVLO\PDULQ
:KHQPHDVXULQJ WKH OHYHO RI *6+ D QDWXUDO
DQWLR[LGDQW LQVLGHWKHFHOOZHIRXQGWKDWDW WKHth  
KRXU LW VKRZHG WKH ORZHVW OHYHO LQJURXS , LH WKH
JURXSUHFHLYLQJWR[LFGRVHRISDUDFHWDPRO)LJXUH
+LJKHU*6+OHYHOVZHUHFRQVHFXWLYHO\IRXQGLQWKH
JURXSUHFHLYLQJJHQLVWHLQIROORZHGE\WKHVLO\PDULQ
DQG¿QDOO\WKHOHFLWKLQJURXS$VWKHUHVXOWJURXS,9
KDGWKHKLJKHVW*6+OHYHOFRPSDUHGWRRWKHUJURXSV  
S 7KHSRVWKRFDQDO\VLVSURYLGHGHYLGHQFHWKDW
JHQLVWHLQVLO\PDULQDQGOHFLWKLQVXSSOHPHQWDWLRQZHUH
HTXDOO\VLJQL¿FDQWLQLQFUHDVLQJ*6+OHYHOFRPSDUHG
WRWKHJURXSUHFHLYLQJRQO\WR[LFGRVHRISDUDFHWDPRO  
S   +RZHYHU WKHUHZDV QR JURXSPRUH
VLJQL¿FDQWDPRQJWKRVHWKUHHS!
&DOFXODWLRQ RQ WKH SHUFHQWDJH RI QHFURVLVZDV
SHUIRUPHG VLPXOWDQHRXVO\ZLWK WKH HYDOXDWLRQ RI
liver  histopathological   examination.  The  percentage  
Figure  3.  Comparison  of  bile  acid  level  among  various  treatment  
groups
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Figure  4.  Comparison  of  MDA  level  among  various  treatment  
groups  
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Figure  2.  Comparison  of  ALT   level  among  various  treatment  
groups
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RIFHQWULOREXODUQHFURVLVRI]RQHKHSDWRF\WHVZDV
FDOFXODWHG EDVHG RQ  DUHD RI UDQGRPO\ REVHUYHG
VOLGHV RQ  [ PDJQLILFDWLRQ DW WKH  th   hour.  
7KH KLJKHVW SHUFHQWDJH RI KHSDWRF\WH GDPDJHZDV
IRXQG LQ JURXS , WKDWZDV WKHJURXS UHFHLYLQJRQO\
WR[LFGRVHRISDUDFHWDPRO0RUHRYHUORZHUSHUFHQWDJH
ZDV FRQVHFXWLYHO\ IRXQG LQ WKH JURXS UHFHLYLQJ
VLO\PDULQIROORZHGE\WKHOHFLWKLQJURXSDQGWKHODVW
ZDVJHQLVWHLQJURXS)LJXUH&RQVHTXHQWO\JURXS
,,VKRZHGWKHORZHVWSHUFHQWDJHRIQHFURVLVFRPSDUHG
WRWKHRWKHUS 
)LJXUHGHPRQVWUDWHGKLVWRSDWKRORJLFDOUHVXOWVRI
OLYHUWLVVXHREWDLQHGIURPHDFKJURXSDQGH[DPLQHGDW
the  12thKRXU6HYHUHKHSDWRF\WHGDPDJHZDVIRXQGLQ
WKHJURXSWKDWUHFHLYHGRQO\WR[LFGRVHRISDUDFHWDPRO
,QJHQLVWHLQDQGOHFLWKLQJURXSWKHKHSDWRF\WHVWUXFWXUH
ZDV¿QH DOWKRXJK VRPH FHOOVZHUHQHFURWLF ,Q WKH
JURXSUHFHLYLQJVLO\PDULQLUUHJXODUVWUXFWXUHRIOLYHU
FHOOVZDV IRXQGDORQJZLWKYDFXROL]DWLRQ LQ VHYHUDO
sites.
Figure  5.  Comparison  of  glutation  (GSH)  level  among  various  
treatment  groups
Figure  6.  Comparison  on  percentage  of  centrilobular  necrosis  
of  zone  3  hepatocytes  among  various  treatment  groups
Figure  7.  Histopathology  of   liver   tissue  demonstrating  swollen   liver  cells   (vacuolization),  burst,  pale  staining  cytoplasm   (A),  
D UHODWLYHO\¿QHVWUXFWXUHRIKHSDWRF\WHV %DQG'DQGKHSDWRF\WHVWUXFWXUHV WKDW WXUQ LQWR LUUHJXODUVWUXFWXUHDQGGHYHORS
vacuolization  (C)
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DISCUSSION
%DVHRQWKHSUHVHQWVWXG\ZHIRXQGWKDWWKHW\SH
RI KHSDWRWR[LFLW\ HIIHFW RQ OLYHU FHOOV LQGXFHG E\
WR[LFGRVHRISDUDFHWDPROLVQHFURWLFKHSDWRFHOOXODU
ZKLFK LV FKDUDFWHUL]HG E\ FHQWULOREXODU QHFURVLV
LQFUHDVHG$67 DQG$/7 OHYHO GXH WR LQÀDPPDWRU\
SURFHVV DQG R[LGDWLYH VWUHVV RI WKH KHSDWRF\WHV
$FHWDPLQRSKHQLQGXFHG KHSDWRWR[LFLW\ VSHFL¿FDOO\
causes   zone   3   necrosis  with   submasive   (bridging)  
or  massive   (panacinar)   necrosis   in   severe   cases.  
+LVWRSDWKRORJLFDOREVHUYDWLRQRI OLYHU WLVVXHV LQ WKH
SUHVHQWVWXG\DOVRVKRZHGQHFURVLVRI]RQHDORQJ
ZLWKPLWRFKRQGULDVZHOOLQJZKLFKDSSHDUHGDVODUJH
vacuolas  and  some  were  observed  as  ruptured  vacuola  
(vacuolation).
The  preliminary  study  indicated  that  liver  necrosis  
KDV EHHQ REVHUYHG VLQFH LQLWLDO DGPLQLVWUDWLRQ RI
SDUDFHWDPRO DQG LW UHDFKHG  DW WKH IROORZLQJ
12thKRXU5XHSSHWDOGHWHFWHGPLQRUFKDQJHVXQGHU
WKHHOHFWURQPLFURVFRSHGDWPLQXWHVDIWHUGRVLQJ
ZLWKPJNJDFHWDPLQRSKHQ7KHFKDQJHVVWDUWHG
in  the  centrilobular  zone  and  they  observed  increasing  
severity  and  distribution  with  time.16  
6L[W\PLQXWHV DIWHU WKH GRVLQJPLWRFKRQGULDO
dilatation  was   observed   as   vacuolation   under   the  
light  microscope.  The  mitochondria  were   swollen  
and   aggregated. 6LPLODU ILQGLQJVZKLFKZHUH
DOVR REVHUYHG LQ WKH FHQWULOREXOHU ]RQH ZHUH
UHSRUWHGE\+HLQORWKHWDOZKRSHUIRUPHGPJ
kg  acetaminophen  exposure  in  rats.  No  ultrastructural  
DOWHUDWLRQZDVIRXQGERWKLQWKHFRQWUROJURXSRULQUDWV
WUHDWHGZLWKPJNJDFHWDPLQRSKHQ
Liver  necrosis  was  observed  in  all  groups  with  the  
KLJKHVWSHUFHQWDJHIRXQGLQWKHFRQWUROJURXSZKLFK
UHFHLYLQJRQO\WR[LFGRVHRISDUDFHWDPRO,WLQGLFDWHV
WKDWJHQLVWHLQVLO\PDULQDQGOHFLWKLQVXSSOHPHQWDWLRQ
does  not  provide  protection  against  acute  drug-­induced  
OLYHULQMXU\7KHUHIRUHWKHWHUP³KHSDWRSURWHFWRUV´WKDW
KDVEHHQZLGHO\XVHGIRUVXEVWDQFHVWRSURWHFWWKHOLYHU
VKRXOGEHFRQVLGHUHGIXUWKHU
,Q WKH JURXS WUHDWHGZLWK VLO\PDULQ WKHUHZDV
microscopic   extensive   necrosis   although   in   smaller  
QXPEHUFRPSDUHGWRWKHFRQWUROJURXS6XFK¿QGLQJ
PD\EHREVHUYHGGXH WRSRRURUDOELRDYDLODELOLW\RI
silymarin   as   it   has   hydrophilic   properties   causing  
GLI¿FXOWLHV WRSHQHWUDWH LQWHVWLQDO HSLWKHOLXPXQOHVV
when   given   in   large   dose   or   by   intravenous   route.  
7KH VHFRQGSRVVLELOLW\ LV WKH UHFHSWRUVRI VLO\PDULQ
DUH ORFDWHG H[WUDFHOOXODUZKLFK FDXVH LW XQDEOH WR
prevent   intracellular   paracetamol-­induced  oxidative  
VWUHVV7KLUGSRVVLELOLW\LQFOXGHVVORZRQVHWRIDFWLRQ
IRU VLO\PDULQ WKHUHIRUH WKH HIIHFW RI VLO\PDULQ RQ
improving  liver  cell  may  not  be  observed  at  12th  hours  
DIWHUWUHDWPHQW
,QJHQLVWHLQDQGOHFLWKLQJURXSVZHREVHUYHGOHVV
extensive  necrosis  compared  to  the  control  group.  The  
ORZHVWSHUFHQWDJHRIOLYHUFHOOQHFURVLVZDVIRXQGLQ
JHQLVWHLQJURXS*HQLVWHLQLVDFWLYHVXEVWDQFHVIRXQGLQ
OLSRSKLOLFLVRÀDYRQHZKLFKLVDEVRUEHGIURPWKHVPDOO
intestine  to  circulation  and  has  intracellular  action  as  
antioxidant.12  Its  role  as  antioxidant  could  be  explained  
in  vitroWKURXJKWKHPHFKDQLVPRISRO\SKHQRODFWLYLW\
VFDYHQJLQJ IUHH UDGLFDOZKLFK SURPRWHV LQKLELWLRQ
RI OLSLG SHUR[LGDWLRQ DQG QLWULF R[LGH SURGXFWLRQ13  
The  above  mentioned  basic  concept  may  explain  our  
VWXG\UHVXOWVWKDWZHIRXQGORZHU$67DQG$/7OHYHO
DVZHOODVORZHUSHUFHQWDJHRIQHFURVLVDQGKLJKHU*6+
level  in  the  group  treated  with  genistein  compared  to  
the  control.  
,QWKHSUHVHQWVWXG\ZHDOVRIRXQGKLJKHUELOHDFLG
OHYHOHVSHFLDOO\LQWKHFRQWUROJURXSUHFHLYLQJWR[LF
GRVHRISDUDFHWDPRORQO\,QFUHDVHGELOHDFLGLQGLFDWHV
FKROHVWDVLV WKDWPD\RFFXU GXH WR DGPLQLVWUDWLRQRI
WR[LFGRVHSDUDFHWDPRO+RZHYHULWLVGLIIHUHQWIURP
WKH WKHRU\SURSRVHGE\)DUUHO HW DO VXJJHVWLQJ WKDW
paracetamol-­induced  hepatotoxicity  is  dose  dependent  
ZLWKDFXWHRQVHWDQGFKDUDFWHULVWLFVLJQVRIVLJQL¿FDQW
LQFUHDVHG$/7OHYHOZLWKRXWRUYHU\VPDOODPRXQWRI
increased  bile  acid  or  alkaline  phosphatase.20)XUWKHU
VWXGLHVLVQHFHVVDU\WRHYDOXDWHWKHW\SHRISDUDFHWDPRO
LQGXFHG OLYHU LQMXU\ZKHWKHU LW LV KHSDWRFHOOXODU RU
PL[HG'LIIHUHQWELOHDFLGOHYHOEHWZHHQWKHWUHDWPHQW
and   control   group   suggests   that   there   is   inhibiton  
IRU WKHGHYHORSPHQWRIFKROHVWDVLVGXH WRJHQLVWHLQ
VLO\PDULQDQGOHFLWKLQVXSSOHPHQWDWLRQ&RQVHTXHQWO\
VXSSOHPHQWDWLRQRIWKRVHWKUHHVXEVWDQFHVPD\LQKLELW
WKHSURFHVVRIFKROHVWDWLFOLYHU
Increased  tissue  MDA  level  in  the  group  receiving  
WR[LFGRVHRISDUDFHWDPROLQGLFDWVWKDWWKHUHLVR[LGDWLYH
VWUHVVSURFHVVZKLFKDSSHDUHGDVOLSLGSHUR[LGDWLRQRQH
RIPHFKDQLVPVIRUSDUDFHWDPROLQGXFHGKHSDWRWR[LFLW\  
,W SURYLGHV HYLGHQFHV IRU WKHRU\ DQG FRQFHSWV RQ
IUHH UDGLFDO WKDW PHGLDWHV SDUDFHWDPROLQGXFHG
KHSDWRWR[LFLW\DQGLWPD\EHFRPHWKHUHDVRQRIXVLQJ
DQWLR[LGDQWIRUSDWLHQWVZLWKDFXWHOLYHULQMXU\
The   group   treated   with   silymarin   had   lower  
0'$ OHYHO ZKLFK PD\ EH DVVRFLDWHG ZLWK WKH
DQWLR[LGDQWPHFKDQLVPRIVLO\PDULQWKDWLQKLELWVOLSLG
peroxidation.21  ,WLVGLIIHUHQWIURPWKHFRQFHSWRIOLSLG
SHUR[LGDWLRQ E\ SKRVSKDWLG\OFKROLQH WKHUHIRUH LQ
OHFLWKLQJURXSZHIRXQGKLJK0'$OHYHO7KHUHDUH
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group  treated  with  lecithin  since  the  lecithin  dose  was  
GHWHUPLQHGWKURXJKOLWHUDWXUHVWXG\RUWKHOHFLWKLQLWVHOI
PD\KDYHVSHFL¿FPHWDEROLVPSDWKZD\
BaghdasaryanHWDOSHUIRUPHGGLHWDU\PDQLSXODWLRQ
containing   lecithin   and  demonstrated   that   it   did  not  
DIIHFW SKRVSKROLSLG FRQWHQW DQG WKH FRPSRVLWLRQ LQ
liver   and   serum  bile   acid.  Abnormal   phospholipid  
metabolism  in  hepatocytes  is  not  major  or  pathological  
IDFWRU IRU GUXJLQGXFHG KHSDWRWR[LFLW\22  The  MDA  
OHYHO LQ JHQLVWHLQ JURXS DOVR KDG QR VLJQLILFDQW
GLIIHUHQFH FRPSDUHG WR WKH FRQWURO JURXS 7KH
DQWLR[LGDQWPHFKDQLVPRIJHQLVWHLQPD\QRWWKURXJK
LQKLELWLRQ RI OLSLG SHUR[LGDWLRQ EXW WKURXJK RWKHU
SDWKZD\WKDWVKRXOGEHVWXGLHGIXUWKHU
3DUDFHWDPROLQGXFHGKHSDWRWR[LFLW\UHGXFHG*6+
OHYHOLQWKHFRQWUROJURXS:KHQWKH*6+OHYHOLVORZ
XQFRQMXJDWHG1$34,FDQELQGFRYDOHQWO\WRSURWHLQ
causing  altered  intracellular  homeostasis  that  may  lead  
to  cell  necrosis.  It  is  assumed  that  NAPQI  may  disturb  
FDOFLXPLQÀX[LQWRPLWRFKRQGULDWKDWFDXVHVDSRSWRVLV
DQG QHFURVLV GXH WR WKH IRUPDWLRQ RI IUHH UDGLFDOV
K\GUR[\OQLWULWHDQGQLWUDWHUDGLFDOV23  
/HFLWKLQ VXSSOHPHQWDWLRQ LQFUHDVHV KLJKHU*6+
level   compared   to   other   substances.   It   is   assumed  
WKDW LWVPHFKDQLVPRI DFWLRQ LQFOXGHV LQKLELWLRQ RI
OLSLGSHUR[LGDWLRQZKLFKUHVWUDLQR[LGDWLYHVWUHVVDQG
minimize  centrilobular  hepatic  necrosis.Consistent  
ZLWK WKLV VWXG\ UHVXOWV VLO\PDULQDV DQWLR[LGDQWKDV
EHHQ UHSRUWHG WR EH HIIHFWLYH IRUPDLQWDLQLQJ*6+
level  in  the  liver  cells  and  it  also  may  increase  cellular  
*6+  An  experimental  study  conducted  by  Muriel  
on   paracetamol-­induced   acute   intoxication   in   rats  
DQGVLPXOWDQHRXVO\WUHDWHGZLWKVLO\PDULQVXJJHVWHG
SURWHFWLYH HIIHFW RI VLO\PDULQ WKURXJK UHGXFHG OLSLG
SHUR[LGDWLRQ DQG LQFUHDVHG*6+ OHYHO7  Genistein  
supplementation   that   has   a   role   as   antioxidant   can  
VXSSUHVVR[LGDWLYHVWUHVVGXHWRKLJKOHYHORI1$34,
DQGLQGXFHVWKHV\QWKHVLVRILQWUDFHOOXODU*6+
$QHMD HW DO SHUIRUPHG DQ DQLPDO H[SHULPHQWDO
VWXG\ WR HYDOXDWH WKH UROH RI JHQLVWHLQ LQ DFXWH
hepatotoxicity  induced  by  carbon  tetrachloride.27  The  
study   demonstrated   that   genistein   supplementation  
SULRUWRWKHWUHDWPHQWPD\LQFUHDVHLQWUDFHOOXODU*6+
OHYHODQGEHLQJEURXJKWWRQRUPDOOHYHODIWHUWUHDWPHQW  
7KHPHFKDQLVPPD\LQFOXGHLQFUHDVHG*6+V\QWKHVLV
enzymes   such   as  c-­glutamylcysteine   synthetase   and  
*6+ V\QWKHWDVHZKLFK DUH NH\ HQ]\PHV LQ*6+
biosynthesis.  
.X]XHWDODOVRFRQGXFWHGVLPLODUVWXG\ZLWKDFXWH
OLYHULQMXU\PRGHOLQGXFHGE\FDUERQWHWUDFKORULGHEXW
with  repeated  genistein  supplementation.  Their  results  
VXJJHVWHGWKDWUHSHDWHGGRVHRIJHQLVWHLQPD\UHGXFH
LQÀDPPDWLRQDQGQHFURVLVRIWKHOLYHU,WLVDVVXPHG
WREHDVVRFLDWHGZLWKLQKLELWLRQRIOLSLGSHUR[LGDWLRQ
and   inhibiton   on   nitric   oxide   (NO)   production   by  
PDFURSKDJHVWLPXODWHGE\OLSRSRO\VDFFKDULGHV/36
RULQWHUIHURQ,)113  
CONCLUSION  
*HQLVWHLQVLO\PDULQDQGOHFLWKLQVXSSOHPHQWDWLRQ
PD\LPSURYHOLYHUQHFURVLVFDXVHGE\WR[LFGRVHRI
paracetamol.  Genistein   is   better   than   silymarin   and  
OHFLWKLQLQLPSURYLQJQHFURVLVRIWKHOLYHUFHOOV,WLV
expected  that  our  study  may  become  the  basic  reason  
IRUXWLOL]LQJGUXJVWKDWPD\LPSURYHOLYHUIXQFWLRQLQ
SDWLHQWVZLWKKHSDWRWR[LFLW\DQGPD\RIIHUDVVLVWDQFH
to   determine  government   policies   on   its   supplies   at  
KHDOWKFDUHIDFLOLWLHV
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